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DIJET RESULTS FROM CDF AND D6O

TAKASHI ASAKAWA

Institute of Physics, University of Tsukuba,

Tsukuba, Ibaraki, 305, Japan

for the

CDF and D6O Collaborations

Recent results on the measurement of the dijet inclusive di�erential cross section
and the dijet mass distribution made by the CDF and D6O collaborations are pre-
sented. The analyses are based on large statistics of data obtained from the 94-95
Tevatron collider run at Fermilab. The measured spectra are compared to QCD
calculations using di�erent parton distribution functions. The CDF and D6O dijet
angular distributions are also presented to be compared to QCD calculations.

1 Introduction

In QCD a hard scattering process between hadrons is the result of an interac-
tion between the constituents of the incoming hadrons: quarks and gluons. In dijet
production at Tevatron an incoming parton from a proton scatters o� an incom-
ing parton from an antiproton, and the resulting two high-transverse-momentum
partons are observed as \jets". Next-Leading Order (NLO) QCD calculations are
available1;2 which predict the dijet production over a wide range of the jet trans-
verse energy. Measurements of dijet production cross section provide a test of NLO
QCD calculations and help us constrain the parton distribution functions (PDF)
at high x and high Q2.

An orthogonal approach to the dijet production is the measurement of the an-
gular distribution. In the parton-parton center-of-mass system, the angular dis-
tribution is sensitive to the form of the 2 ! 2 matrix elements. The analysis of
the dijet angular distribution enables us to study the properties of parton-parton
scattering without a strong dependence on the choice of the PDF.

2 The Inclusive Dijet Di�erential Cross Section

The CDF analysis is based on dijet data (87 pb�1) taken in the 94-95 collider
run (Run IB). The data were collected using inclusive ET triggers with online ET

thresholds of 20, 50, 70, and 100 GeV. Jets are identi�ed by a cone clustering
algorithm with cone radius R=p(��)2 + (��)2 = 0:7, and events with at least
two reconstructed jets are selected. The \trigger jet" is required to satisfy ET > 40
GeV and to sit in the well calibrated central region of the calorimeter, 0:1 < j�1j <
0:7. The trigger jet is used to measure ET of the event. The \probe jet" is
required to satisfy ET > 10 GeV and to sit in one of four pseudorapidity bins:
0:1 < j�2j < 0:7, 0:7 < j�2j < 1:4, 1:4 < j�2j < 2:1, or 2:1 < j�2j < 3:0. No
restriction on any additional jets is applied. In the case that the probe jet also
satis�es the trigger jet selection requirements, both combinations contribute to
the distribution. The measured jet energies are corrected for detector resolution
using the same procedure used in the measurement of the inclusive jet cross section3.
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Figure 1. The CDF dijet di�erential cross section compared to NLO QCD using di�erent PDFs
(left) and the fractional di�erence from the predictions using CTEQ4M (right).

The cross section is measured as a function of ET of the trigger jet. The results
are compared to NLO QCD calculations of JETRAD1 using di�erent PDFs in Fig-
ure 1(left). The four separate distributions correspond to the four di�erent pseudo-
rapidity bins of the probe jet. A detailed comparison is made in Figure 1(right);
the relative di�erence of data from NLO QCD for CTEQ4M4, Rsep = 1:3, and
� = 0:5Emax

T . In all the �2 bins the observed data are in good agreement to
CTEQ4M at ET < 100 GeV and are larger than the prediction at higher ET . We
should note that the systematic uncertainty ranging from 20-40% is highly corre-
lated. Predictions using other PDFs (CTEQ4HJ4, MRST5) are also shown in the
same �gure compared to the default prediction. These distributions are seen to be
sensitive to the choice of PDFs.

The ET and pseudorapidities of the leading jets are related to the momentum
fractions (x) of the partons involved in the interaction. In leading order the relation
is

x1 =
ETp
s
(e�1 + e�2); x2 =

ETp
s
(e��1 + e��2): (1)

For �xed ET and �1, di�erent momentum fractions can be selected by requiring
that the probe jet lie in di�erent � intervals. For a two-body process one intuitive
choice for Q2 for the event is

Q2 � �t̂ = 2e2t cosh
2 �?(1� tanh �?) (2)

where �? = (�1 � �2)=2. The observed data converted from (ET , �2) bins to (xmax,
t̂) bins are shown in Figure 2(left). Note that we de�ne xmax as the maximum of
x1 and x2.

The D6O analysis uses 92 pb�1 of data taken in Run IB. The analysis is started
by selecting events with at least two reconstructed jets which sit in any of the
following four pseudorapidity bins: 0:0 < j�j < 0:5, 0:5 < j�j < 1:0, 1:0 < j�j < 1:5,
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Figure 2. The kinematic region probed by the CDF and D6O measurements of the dijet di�erential
cross section; left: the xmax and t̂ region probed by the CDF measurement and right: the x1 and
x2 region covered by the D6O measurement.

and 1:5 < j�j < 2:0. Events in each � bin are then divided into two subsamples
according to their event topology; events with 2 jets on the Opposite Side of the
detector (OS) and events with 2 jets on the Same Side of the detector (SS). Since
ET 's of both jets are measured, events are always double counted.

The results are shown in Figure 3(a)-(c). The observed data are compared to
NLO QCD calculations using �f = �r = 0:5�Emax (where Emax is the maximum of
E1 and E2) and three di�erent PDFs: (a) CTEQ3M

6, (b) CTEQ4M, and (c) MRST.
The observed spectra agree to NLO QCD using CTEQ3M and CTEQ4M and are
somewhat higher than the prediction using MRST.

In SS events (�1 � �2), the momentum fractions of the two partons are un-
balanced: x1 >> x2 or x1 <<< x2, while in OS events (�1 � ��2), they are
balanced: x1 � x2. This is shown in Figure 2(right) for di�erent jet ET 's. The
D6O measurement probes the x region down to .01.

The dijet di�erential cross sections measured by CDF and D6O show reasonable
agreement in shape to theoretical predictions with recent parton distribution func-
tions within experimental uncertainties. These measurements cover a wide range of
the x{Q2 plane and the x1{x2 plane and can be used to determine further improved
PDFs.

3 The Inclusive Dijet Mass Distribution

Both D6O and CDF have measured the dijet di�erential cross section,
d3�=dMjjd�1d�2, as a function of the dijet mass. The D6O analysis7 based on
92 pb�1 of data collected in Run IB uses events with at least two jets in central,
j�j < 1. The dijet mass is calculated assuming massless jets:

M2
jj = 2E

(1)
T E

(2)
T (cosh(��)� cos(��)) (3)
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Figure 3. The fractional di�erence of the D6O dijet di�erential cross section from NLO QCD
using PDFs of (a)CTEQ3M, (b)CTEQ4M, and (c)MRST. The renormalization scale and the
factorization scales are chosen to be the maximum of E1 and E2.

The D6O dijet mass spectrum is compared to the NLO QCD predictions calculated
by JETRAD with CTEQ3M and � =0.5Emax

T in Figure 4(left). A detailed compar-
ison is shown in Figure 4(right) for di�erent choices of PDFs and scales. Table 1
summarizes the �2 values resulting from a �t of theory to the data for various
choices of the PDFs and the scales. Note that the correlations are taken into ac-
count in calculating the �2's. From the �2 analysis one can conclude that all the
choices provide a reasonable description of the observed data.

The CDF analysis based on 87 pb�1 of data taken in Run IB uses events with at
least two jets with j�j < 2. We further require dijet events to satisfy j cos �?j < 2=3,
where cos �? = tanh �?. The dijet invariant mass includes the mass of each jet and
is calculated from the standard four vectors:

Mjj =
p
(E1 +E2)2 � (~p1 + ~p2)2 (4)

Since the kinematic ranges are di�erent for the CDF and the D6O measurements,
the fractional di�erence from NLO QCD (CTEQ4M, � = 0:5Emax

T are used) is
made for both results in Figure 5. There is excellent agreement in the shape of the
distributions measured by the two experiments.
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û
=
t̂
=

1
+
jco

s
�
?j

1�
jco

s
�
?j '

e
j�
1
�
�
2
j

(5
)

w
h
ere

�
?
is
th
e
sca

tterin
g
a
n
g
le

in
th
e
cen

ter-o
f-m

a
ss

sy
stem

.
N
o
te

th
a
t
d
N
=
d
�

is
in
d
ep
en
d
en
t
o
f
�
fo
r
th
e
R
u
th
erfo

rd
sca

tterin
g
.
T
h
e
C
D
F
a
n
d
D6O

d
ijet

a
n
-

g
u
la
r
d
istrib

u
tio

n
s
a
re

m
a
d
e
fo
r
d
i�
eren

t
d
ijet

m
a
ss

b
in
s
a
n
d
co
m
p
a
red

to
Q
C
D

p
red

ictio
n
s
9
;1
0
in

F
ig
u
re

6
.
T
h
e
resu

lts
fro

m
b
o
th

th
e
ex
p
erim

en
ts

a
re

co
n
sisten

t
to

th
e
N
L
O
Q
C
D
p
red

ictio
n
s.

N
o
te

th
e
q
u
a
rk

co
m
p
o
siten

ess
lim

its
o
b
ta
in
ed

fro
m

th
e
d
ijet

a
n
g
u
la
r
d
istrib

u
tio

n
s
a
re

p
resen

ted
in

th
ese

p
ro
ceed

in
g
s
1
1.

5
C
o
n
c
lu
sio

n
s

T
h
e
T
eva

tro
n
d
ijet

d
a
ta

en
a
b
le
u
s
to

p
ro
b
e
th
e
h
ig
h
x
a
n
d
h
ig
h
Q
2
reg

io
n
.
T
h
e

d
ijet

d
i�
eren

tia
l
cro

ss
sectio

n
ca
n
b
e
u
sed

a
s
a
n
in
p
u
t
to

g
lo
b
a
l
Q
C
D
�
ts.

T
h
e
d
ijet

d
ije

ts_h
a
d
1
3
:
su

b
m
itted

to
W
o
r
ld

S
c
ie
n
ti�

c
o
n
M
a
rc
h
3
0
,
1
9
9
9

7



Figure 5. Comparison of the dijet mass distributions from CDF and D6O with theory predictions
calculated by JETRAD with CTEQ4M.

Figure 6. The CDF dijet angular distributions (left) and the D6O angular distributions (right).

di�erential cross sections measured by CDF and D6O are compared to NLO QCD
calculations using di�erent PDFs. The D6O results are in good agreement to NLO
QCD using CTEQ3M or CTEQ4M and are somewhat larger than the prediction
using MRST. The CDF data are well described by NLO QCD using CTEQ4M at
ET < 100 GeV and are larger than the prediction at higher ET . These distributions

dijets_had13: submitted to World Scienti�c on March 30, 1999 8



are seen to be sensitive to the choice of PDFs.
The NLO QCD predictions give a reasonable description of the D6O and CDF

dijet mass distributions. For given the di�erent kinematic regions, the shapes of
the D6O and CDF spectra are in excellent agreement.

The dijet angular distributions from CDF and D6O are consistent to NLO QCD.
No evidence that might indicate new phenomena was observed.
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